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Abstract 
 
  This study was executed to investigate the effect of feeding 
commercial oil of Nigella sativa (black cumin) on the levels of serum 
various lipid fractions in sheep. Twelve male crossbreed sheep, 3-6 
month of age, were divided individually into two groups A and B, group 
B was used as control fed the commercial fattening ration of Kenana 
Sugar Company, group A treated by the ration mixed with 4.7% (47gram) 
of black cumin oil. The treatment continued for 6 weeks from April to 
May 2007. Serum samples were collected every two weeks for the 
determination of total cholesterol, low density lipoprotein (LDL-c), high 
density lipoprotein and (HDL-c), triglycerides concentrations, and the 
body weights which were measured before the application of black cumin 
oil and at the end of week 6. The statistical analysis of data revealed that 
feeding 4.7% of black cumin oil to sheep lead to a significant elevation in 
serum total cholesterol, HDL-c, triglycerides, and the body weights at the 
end of experimental period (week 6) compared to time zero. While the 
effect of black cumin oil resulted in a significant (P>0.05) elevation of 
the serum LDL-c at week 6 compared to control group. 
 The increasing effect occurred in a fluctuating manner in the 
treated group A in total cholesterol and LDL-c, while triglycerides and 
HDL-c were gradually increased until week 6. 
 The control group B kept nearly the same levels of total 
cholesterol, LDL-c and triglycerides, but the level of HDL-c increased in 
week 6. 
 
 X
  ﺍﻟﺨﻼﺼﺔ
  
ﻋﻠـﻰ ( ﺨﺭﺍﻑ)ﺃﺠﺭﻴﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﻟﻤﻌﺭﻓﺔ ﺃﺜﺭ ﺇﻀﺎﻓﺔ ﺯﻴﺕ ﺍﻟﻜﻤﻭﻥ ﺍﻷﺴﻭﺩ ﻟﻐﺫﺍﺀ ﺍﻟﻤﺠﺘﺭﺍﺕ 
  .ﺘﺭﻜﻴﺯ ﺍﻟﺩﻫﻭﻥ ﺍﻟﻤﺨﺘﻠﻔﺔ ﻓﻲ ﻤﺼل ﺍﻟﺩﻡ
( ﺃ ﻭ ﺏ ) ﺃﺸﻬﺭ، ﻗﺴﻤﺕ ﺇﻟﻰ ﻤﺠﻤـﻭﻋﺘﻴﻥ 6-3 ﺨﺭﻭﻑ ﻭﺍﻟﺒﺎﻟﻎ ﻋﻤﺭﻫﺎ ﺒﻴﻥ 21ﺍﺴﺘﺨﺩﻡ   
، ﺒﻴﻨﻤـﺎ ﺴﻤﻴﻥ ﺍﻟﻀﺎﻥ  ﻟﺘ ﺒﻌﻠﻴﻘﺔ ﻜﻨﺎﻨﺔ ( f)ﺘﻤﺕ ﺘﻐﺫﻴﺔ ﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﺤﻜﻡ . ﺨﺭﺍﻑ6ﻓﻲ ﻜل ﻤﺠﻤﻭﻋﺔ 
  (.ﺃ )ﺔﻌﻠﻴﻘﺔ ﻟﻠﻤﺠﻤﻭﻋﻫﺫﻩ ﺍﻟﺇﻟﻰ ( ﺠﺭﺍﻡ74% )7.4ﺘﻡ ﺇﻀﺎﻓﺔ ﺯﻴﺕ ﺍﻟﻜﻤﻭﻥ ﺍﻷﺴﻭﺩ ﺒﻨﺴﺒﺔ 
ﺠﻤﻌﺕ ﻋﻴﻨﺎﺕ ﻤﻥ ﻤـﺼل (. ﻡ7002ﺃﺒﺭﻴل ـ ﻤﺎﻴﻭ ) ﺃﺴﺎﺒﻴﻊ 6ﺍﺴﺘﻤﺭﺕ ﺍﻟﺘﺠﺭﺒﺔ ﻟﻤﺩﺓ   
ﺍﻟﺩﻡ ﻜل ﺍﺴﺒﻭﻋﻴﻥ ﻟﻘﻴﺎﺱ ﺘﺭﻜﻴﺯ ﺍﻟﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﻜﻠﻲ، ﺍﻟﻜﻭﻟﺴﺘﺭﻭل ﺫﻭ ﺍﻟﻜﺜﺎﻓﺔ ﺍﻟﻘﻠﻴﻠﺔ، ﺍﻟﻜﻠﻭﺴﺘﺭﻭل 
ﺫﻭ ﺍﻟﻜﺜﺎﻓﺔ ﺍﻟﻌﺎﻟﻴﺔ ﻭﺍﻟﺠﻠﺴﺭﻴﺩﺍﺕ ﺍﻟﺜﻼﺜﻴﺔ، ﻜﻤﺎ ﺘﻡ ﻗﻴﺎﺱ ﺃﻭﺯﺍﻥ ﺍﻷﺠﺴﺎﻡ ﻗﺒل ﺇﻀﺎﻓﺔ ﺯﻴﺕ ﺍﻟﻜﻤﻭﻥ 
  . ﺍﻷﺴﺒﻭﻉ ﺍﻟﺴﺎﺩﺱﻭﻋﻨﺩ ﻨﻬﺎﻴﺔ
ﻤﻥ ﺯﻴﺕ ﺍﻟﻜﻤﻭﻥ ﻟﻐﺫﺍﺀ ﺍﻟﻤﺠﺘﺭﺍﺕ ﺯﻴﺎﺩﺓ % 7.4ﺃﻅﻬﺭ ﺘﺤﻠﻴل ﺍﻟﻨﺘﺎﺌﺞ ﺍﺤﺼﺎﺌﻴﺎﹰ ﺃﻥ ﺇﻀﺎﻓﺔ   
ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﺘﺭﻜﻴﺯ ﻜل ﻤﻥ ﺍﻟﻜﻠﻭﺴﺘﺭﻭل ﺍﻟﻜﻠﻲ، ﺍﻟﻜﻠﻭﺴﺘﺭﻭل ﺫﻭ ﺍﻟﻜﺜﺎﻓﺔ ﺍﻟﻌﺎﻟﻴﺔ، ﺍﻟﺠﻠﺴﺭﻴﺩﺍﺕ ﻏﻴﺭ 
ﻤﺎ ﻜﺎﻨﺕ ﺍﻟﺯﻴﺎﺩﺓ ﺒﻤﺠﻤﻌﺔ ﺍﻟﺘﺤﻜﻡ، ﺒﻴﻨ ﺍﻟﺜﻼﺜﻴﺔ ﻭﺃﻭﺯﺍﻥ ﺃﺠﺴﺎﻡ ﺍﻟﺤﻴﻭﺍﻨﺎﺕ ﻋﻨﺩ ﻨﻬﺎﻴﺔ ﺍﻟﺘﺠﺭﺒﺔ ﻤﻘﺎﺭﻨﺔ 
، ﺃﻤﺎ ﺍﻟﺯﻴﺎﺩﺓ ﻜﺎﻨﺕ ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﺘﺭﻜﻴﺯ ﺍﻟﻜﻠﻭﺴـﺘﺭﻭل ﺫﻭ ﺍﻟﻜﺜﺎﻓـﺔ ﻤﻌﻨﻭﻴﺔ ﻤﻘﺎﺭﻨﺔ ﺒﺒﺩﺍﻴﺔ ﺍﻟﺘﺠﺭﺒﺔ 
  .ﺍﻟﻘﻠﻴﻠﺔ ﻋﻨﺩ ﻨﻬﺎﻴﺔ ﺍﻟﺘﺠﺭﺒﺔ ﻤﻘﺎﺭﻨﺔ ﺒﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﺤﻜﻡ
ﺒﺎﻟﻨﺴﺒﺔ ﻟﻠﻜﻭﻟﺴﺘﺭﻭل ﺍﻟﻜﻠﻲ ﻭﺍﻟﻜﻭﻟـﺴﺘﺭﻭل ﺫﻭ ( ﺃ)ﺍﻟﺯﻴﺎﺩﺓ ﻜﺎﻨﺕ ﻤﺘﺫﺒﺫﺒﺔ ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺔ   
ﺎﺩﺓ ﻜﺎﻨﺕ ﺘﺩﺭﻴﺠﻴﺔ ﺒﺎﻟﻨﺴﺒﺔ ﻟﻠﻜﻭﻟﺴﺘﺭﻭل ﺫﻭ ﺍﻟﻜﺜﺎﻓﺔ ﺍﻟﻌﺎﻟﻴﺔ ﻭﺍﻟﺠﻠﺴﺭﻴﺩﺍﺕ ﺍﻟﻜﺜﺎﻓﺔ ﺍﻟﻘﻠﻴﻠﺔ، ﺒﻴﻨﻤﺎ ﺍﻟﺯﻴ 
  .ﺍﻟﺜﻼﺜﻴﺔ ﻤﻥ ﺒﺩﺍﻴﺔ ﺍﻟﺘﺠﺭﺒﺔ ﺤﺘﻰ ﻨﻬﺎﻴﺘﻬﺎ
ﻤﺠﻤﻭﻋﺔ ﺍﻟﺘﺤﻜﻡ ﺤﺎﻓﻅﺕ ﻋﻠﻰ ﻨﻔﺱ ﺍﻟﻤﺴﺘﻭﻴﺎﺕ ﺘﻘﺭﻴﺒﺎﹰ ﺒﺎﻟﻨـﺴﺒﺔ ﻟﻠﻜﻭﻟـﺴﺘﺭﻭل ﺍﻟﻜﻠـﻲ   
 ﺍﻟﻜﺜﺎﻓـﺔ ﻭﺍﻟﻜﻭﻟﺴﺘﺭﻭل ﺫﻭ ﺍﻟﻜﺜﺎﻓﺔ ﺍﻟﻘﻠﻴﻠﺔ ﻭﺍﻟﺠﻠﺴﺭﻴﺩﺍﺕ ﺍﻟﺜﻼﺜﻴﺔ، ﺒﻴﻨﻤﺎ ﻤﺴﺘﻭﻯ ﺍﻟﻜﻭﻟـﺴﺘﺭﻭل ﺫﻭ 
  .ﺍﻟﻌﺎﻟﻴﺔ ﺯﺍﺩ ﻋﻨﺩ ﺍﻻﺴﺒﻭﻉ ﺍﻟﺴﺎﺩﺱ
 
1 
Introduction 
 Nigella sativa is an annual erect herb belongs to the family 
Ranunculacae butter cup family. It is commonly known as black seed and 
Habat Elbaraka. In Sudan it is known as Black cumin. N. sativa is one of the 
very important medicinal plants, which used for centuries in Middle East as 
a healer of many complains and disease (Houghton etal, 1995). 
 Nigella sativa is an important medicinal herb, in many Arabian, Asian 
and  African countries, black seed oil is used as a natural remedy for a wide 
range of diseases, including various allergies. The plants mechanism of 
action is still largely unknown, due to the lack of study data on its efficiency 
in allergies (Kalus et al., 2003). 
 The seeds are used for edible and medicinal purposes, in many 
countries. The average proximate analysis of black cumin seeds on dry 
matter basis are 216 g/kg crude protein, 406 g/kg fat, 45 g/kg ash, 84 g/kg 
crude fiber and 249 g/kg nitrogen free extract (Hamed et al., 1998). 
 The oil content of black cumin seeds from three different regions is 
29.4, 29.5 and 29.7. The major fatty acids in black cumin seeds oil are 
linoleic 60%, oleic 22% and plamitic 12% (Ustun etal., 1990). 
 Previous studies reported the lowering effect of N. sativa  on the 
serum and egg lipids and cholesterol in various animals including rabbits, 
 
2 
rats and poultry (Omer, 2001; EL-Dakhakhny, et al., 2000; Bamosa, et al, 
1997; Hamed, 2003 and Hama, 2002). Also the effect of N. sativa on body 
weight was reported by (Zaoui et al, 2002). However, no sufficient 
information were found available in literature about the effect of N. sativa 
oil on serum lipids in sheep or other ruminants. 
 The objectives of this study were to determine the effect of feeding N. 
sativa oil seeds on the following parameters: 
1- Total cholesterol. 
2- Low density lipoprotein cholesterol. 
3- High density lipoprotein cholesterol. 
4- Triglycerides. 
5- Body weight . 
 
 
3 
Chapter One 
Literature Review 
1.1Nigella sativa 
1.1.1 The black cumin (seeds of Nigella sativa) 
 The black seed of Nigella sativa is an annual herbous plant that 
belongs to the Ranunculaceae family or Batter-cup family. In most of Arab 
countries it takes the popular name "El-Habba-El-Sawda". In the old people 
medicine it received the name of "Habat-El-baraka". The center origin was 
thought to be the Mediterranean Sea region, Turkey and the neighbouring 
parts of Asia. The important producing countries are: India, Pakistan, Iran, 
Iraq, Syria, Egypt and the United States of America (Abu-Zeid, 1986). 
 In Sudan the crop is produced in the Northern Region and Darfur at 
Melit and Jebal Marra (Abdrews, 1950). 
 N. sativa seeds are small about 2-3 mm long, they has an aromatic 
odor, intense dull black in colour and remarkably angular and their surface 
are wrinkled (Redgrove, 1933). The seeds of N. sativa has been widely used 
in traditional medicine as a natural remedy for more than 2000 years in the 
treatment and prevention of a number of diseases and conditions that 
include asthma, diarrhea, dyslipidaemia, nephrotoxicity and hepatotoxicity 
and it has anti-inflammatory, antipyretic, antimicrobial and antineoplastic 
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activity (Ali and Blunden, 2003). Antitumor (David et al., 1998) CNS 
depressant and analgesic (Khanna et al, 1993) hypoglycemic (Al-Hader et 
al, 1993) smooth muscle relaxant (Aqel and Shaheen, 1996) cytotoxic and 
immuno-stimulant (Swamy and Tan, 2000) protect woolen goods against 
insects (Redgrove, 1933). Some of these activities have been predominantly 
attributed to the volatile and fixed oils. 
1.1.2 Chemical composition 
 El-Jassir, (1992) investigated the nutritional potentials of the seed, and 
found that it is composed of 21% protein, 38% fat, 4% moisture, 4% ash, 
8% crude fiber and 32% carbohydrate. It contains predominantly potassium, 
phosphorus, sodium and iron, while lead, cadmium and arsenic were not 
detected in the seed. The seeds contain both fixed and essential oils, 
proteins, alkaloids and sabonin (Ali and Blunden, 2003). 
1.1.3 Oil constituents 
 Black seed oil contains several ingredients in significant amounts with 
potential value. It is 35% more concentrated than the raw seed. (Houghton., 
1995) 
1.1.3.1 Extraction and analysis of fixed oil 
 Twenty grams seeds were crushed and extracted with petroleum ether 
for 4 hours in soxhlet apparatus, the solvent extraction gave a green oil 
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extract with strong aromatic odor. Eight fatty acids were identified in the 
extract, which represent about 99.5% of the total fatty acids composition 
(table 1). The extract was consisted of four saturated fatty acids (17.05%) 
and four unsaturated fatty acids (82.5%). Linoleic acid (55.6%), oleic acid 
(23.4%) and palmitic acid (12.5%) were the major components (Houghton 
et al., 1995). 
1.1.3.2 Extraction and analysis of the volatile oil 
 The hydro-distillation of extract from the seeds of N. sativa gave a 
yellowish volatile oil. The chemical composition of the volatile oil is listed 
in Table (2). Thirty two compounds constituting 86.7% of volatile oil were 
identified. The oil consisted of six phenyl proanoid compounds (46.1%), 
nine monoterpeniod hydrocarbons (26.9%), four monoterpeniod ketones 
(6.0%), eight nonterpeniod hydrocarbons (4.0%), three monoterpeniod 
alcohols (2.7%), two sesquiterpeniod hydrocarbons (1.0%). So the oil is 
characterized by a large amount of phenylpropanoids. The oil presented 
high levels of trans-anethole (38.3%) an P. cymene (14.8%), other 
important constituents were limonene (4.3%) and carvone (0.4%), 
(Mozafarriet et al., 2000).  
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Rachid and Zahia, (2006) investigated the main components of 
essential oil extracted from N. sativa seeds with hydro distillation and they 
found that it is composed of P. cymene (37.3%),  
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Table (1): Fatty acids composition of the fixed oil of Black cumin 
Fatty acid Percentage 
Lauric acid 0.6 
Myristic acid 0.5 
Plamitic acid 12.5 
Stearic acid 3.4 
Oleic acid  33.4 
Linoleic acid 55.6 
Linolenic acid 0.4 
Eicosadienoic acid 3.1 
Total fatty acid 99.5 
 
According to Hounghton et al., (1995) 
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thumoquinone (13.7%), carvone (0.9%), thymol  (0.33%) and carvacrol 
(11.77%). These compounds are monoterpenes and comprise 65% of the 
total essential oil. The chemical structure of these compounds are shown in 
Fig. (1). 
1.1.3.3 Lipid composition of Black cumin seed oil 
 The seeds contain 37.67% oil, 2.5% unsaponifiable compounds, 0.9% 
phospholipids, 0.2% sterols and 177.1 mg/kg tocopherols in oil (Perifanova 
et al., 2002). 
1.1.3.4 Neutral lipid classes of black cumin seed oil 
 n-Hexane (H) and chloroform: methanol (CM) were used to extract 
the oil of N. sativa seeds. A combination of column and thin layer 
chromatography procedure of silica gel were performed to fractionate the 
neutral lipid classes. Neutral lipids (NLs) constituted 97.2 and 96.1% of total 
H and CM extract, respectively. Triacylglycerol (TAG) were the major NL 
class (80.8-83.1) of the total (NLs), where as NL profile characterized by 
high levels of free fatty acid (14.3 – 16.2% of the total NLs). Linoleic acid 
(C18:2) was the predominant fatty acid in all examined classes. The 4-
desmethylsterols isolated from the unsaponifiable fractions were 
betasitosterols (1135-1182 mg/g oil) as the main component followed by 
DELTA5-avenasterol (925-1025 m/g oil). 
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 Fig. (1): Chemical structure of some compounds of  Nigella  sative
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Table (2): Chemical composition of the volatile constituents of Nigella sativa. 
Compound Percentage 
n-Nonane 0.5 
3-Methyl nonane 0.4 
1,3,5-Trimethyl benzene 0e.5 
1-Ethyl-2,3-dimethyl benzene 0.2 
n-Tetradecane 0.2 
n-Hexadecane 0.2 
Nonterpeniod hydrocarbons 4.0 
Alpha- Thujene 2.4 
Alpha -Pinene 1.2 
Sabienene 1.4 
Beta -Pinene 1.3 
Myreene 0.4 
Alpha -phellandrene 0.6 
P-Cymene 14.8 
Limonene 4.3 
Sigma -Terpinene 0.5 
Monoterpenoid hydrocarbons 26.9 
Fenchone 1.1 
Dihydrocarvone 0.3 
Carvone 4.0 
Thymoquinone 0.6 
Monterpeniod ketones 6.0 
Terpinen-4-0-1 0.7 
P-cymene-8-0-1 0.4 
Carvacrol 1.6 
Monoterpeniod alcohols 2.7 
Alpha  -Longipinene 0.3 
Longifolene 0.7 
Sesquiterpeniod hydrocarbons 1.0 
Estragole 1.9 
Anisaldehyde 1.7 
Trans-Anethole 38.3 
Myristicin 1.4 
Dillapiole 1.4 
Apiole 1.8 
Phenylpropanoid compounds 46.1 
Total compounds 86.7 
 
According to Mozafarriet et al, (2000) 
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 and DELTA7-avenasterol (615-809 mg/g oil). Stigmasterol, compesterol 
and lanosterol were detected in small amounts (Ramadan and Morsel, 2002). 
1.1.3.5 Characterization of phospholipids composition of black cumin 
     seed oil  
 Phospholipids (PL) classes were separated via normal phase high 
performance liquid chromatography (HPLC). The major individual PL 
classes were phosphatidylcholine (40-48% of total PL), followed by 
phosphatidyethanolamine, phosphatidylglycerol, lysophosphatidylenolamine 
and lysophosphatidylcholine were isolated in smaller quantities (Ramadan 
and Morsel, 2002). 
1.1.4 Essential fatty acids 
 Black cumin seed oil is rich in polyunsaturated fatty acids, known as 
essential fatty acids (EFAs) cosnsisting of alpha-linolenic acid (omega-3) 
and linoleic acid (omega-6), which are the building blocks of cells and 
cannot be manufactured in the body, and they must be taken in as 
supplements or through high EFA foods in order to sustain health. 
1.1.5 Effects and properties of Black cumin 
1.1.5.1 Pharmacological and toxicological properties of Black cumin 
 Treatment of rats with the seed extract for up to 12 weeks has been 
reported to induce changes in the heamogram that include an increase in 
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both the packed cell volume (PCV) and haemoglobin (Hb), and a decrease in 
plasma concentrations of cholesterol, triglycerides and glucose. 
Administration of the seed extract or its oil has been shown not to induce 
significant adverse effects on liver and kidney functions. It would appear 
that the beneficial effects of the use of the seeds and thymoquinone might be 
related to their cytoprotective and antioxidant actions, and to their effect on 
some mediators of inflammation (Ali and Blunden, 2003). 
1.1.5.2 Effects of Black cumin fixed oil on blood homeostasis 
 Zaoui et al., (2002) investigated the effects of fixed oil of N. sativa 
seeds in rats by monitoring blood homeostasis and body weight as well as 
toxicity. The serum cholesterol, triglycerols and glucose levels and the count 
of leukocytes and platelets decreased significantly by 5.5, 22, 16.5, 35 and 
32% respectively compared to control values,  while haematocrit and 
haemoglobin levels increased significantly, by 6.4 and 17.4% respectively. 
In parallel, significant slowdown of the body weight evolution was observed 
in N. sativa treated animals compared to the control group. These results 
support the traditional use of N. sativa as a treatment of the dyslipidaemia 
and the hyperglycamemia, and related abnormalities. 
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1.1.5.3 Biochemical and Immunological changes in rabbits blood as 
   influenced by dietary black cumin seeds  
 Treatment of rabbits with (0,10, 15 and 20) percent N. sativa  seed 
mixed with their feed, for six weeks, resulted in a gradual decrease in serum 
total lipid concentration in all treated groups, the reduction was 41% in the 
group that received 15% , 39% in the group that 10% and 36% in the group 
that was fed 20%. Also, the serum total cholesterol concentration showed 
gradual time dependant reduction, the reduction was obvious at 15%            
N. sativa level (Omer, 2001). 
 
1.1.5.4 Effect of feeding Black cumin seeds on egg yolk lipid profile  
 Hama, (2002) investigated the effect of feeding 1 and 3% dietary 
levels of black cumin whole seeds to layers on the total lipids, total 
cholesterol, phospholipid and triglycerol which decreased significantly in the 
eggs compared to that of the control group. 
1.1.5.5 The effect of feeding Black cumin seeds to layers on serum 
      lipid  
 Hamed, (2003) reported that, feeding 1 and 3% of black cumin seeds 
to laying hens resulted in a significant reduction in the total lipids, total 
cholesterol, phospholipids and triglycerols compared to the control group. 
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1.1.5.6 The effect of feeding Black cumin seed oil on the levels of liver  
             and  serum triglycerols and cholesterol in Broiler chicks  
 Monjid, (2006) reported that, the addition of 0.25% black cumin seeds 
to the broilers hen’s diet caused significant increase in the concentration of 
the serum total cholesterol, but significant decrease was showed in the liver 
whereas the addition of 0.75% of black cumin resulted in a significant 
decrease in the concentration of the total cholesterol in the blood and liver at 
the same time.  On the other hand the addition of black cumin with the two 
percentages (0.25% - 0.75%) resulted in a significant decrease in the 
concentration of triglycerols. 
1.1.5.7 The influence of thymoquinone on doxorubicin-induced 
     hyperlipidemic nephropathy in rats 
 The effects of thymoquinone (TQ), the main constituents of the 
volatile oil of N. sativa seeds, on the nephropathy and oxidative stress 
induced by doxorubicin (DOX) in rats was investigated by Badary et al, 
(2000). A single intravenous injection of DOX (6 mg/kg) induced a server 
nephritic syndrome (after 5 weeks) associated with hypoalbuminaemia, 
hypoproteinaemia, elevated serum urea and hyperlipaemia. In the kidney; 
DOX induced a significant increase in total triglycerides (TG), total 
cholesterol (TC) and lipid peroxides and a significant decrease in non-
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protein sulfhydryl (NPSH) content and catalaze (CAT) activity. Treatments 
of rats with TQ (10 mg/kg per day) supplemented in the drinking water for 5 
days before DOX, and daily thereafter, significantly lowered serum urea, TG 
and TC. Similarly, TG, TC, and lipid peroxides in the kidneys of TQ treated 
DOX group were decreased significantly, and NPSH content and CAT 
activity were significantly elevated compared with DOX alone. 
 The results confirmed the involvement of free radicals in the 
pathogenesis of nephropathy induced by DOX. Likewise, the study 
demonstrates the high antioxidant potential of TQ. The data suggest that TQ 
might be applicable as a protective agent for proteinuria and hyperlipaemia 
associated with nephritic syndrome. 
1.2 Digestion of fat in the ruminants 
1.2.1 The organs of the digestive tract and lipids digestion 
 The animals such as cows, sheep, goats, buffaloes, camels and giraffes 
are herbivores because their diets are composed primarily of plant material. 
Many herbivores also are ruminants. Ruminant animals can be recognized 
easily because they can chew frequently even when they are not eating. This 
cheweing activity called rumination, is part of the process that allow 
ruminant to obtain energy from plant cell walls also called fiber (Michel, 
2004). In the true ruminants the stomach is divided into four compartments. 
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1.2.1.1 Reticulum and rumin 
 They are the first two stomachs of ruminants, both stomachs often 
referred to as the reticulo-rumen, share a dense population of microorganism 
(bacteria, protozoa and fungi). They are responsible for retention of long 
forage particles that stimulate rumination, production of volatile fatty acids 
(VFA) as an end product of microbial fermentation of cellulose and other 
sugars absorption of VFA through the rumen wall (Michel, 2004). 
1.2.1.2 Omasum 
 The third stomach, small organ with great absorption capacity, it 
allows the recycling of water and minerals such as sodium and phosphorus 
which return to the rumen through the saliva (Michel, 2004). 
1.2.1.3 Abomasum 
 This stomach is like the stomach of non-ruminants. It secretes a strong 
acid and many digestive enzymes that digest the unfermented feed particles 
(some proteins and lipids), (Michel, 2004). 
1.2.2 Fats in dietary ingredients 
 The term (lipid) refers to abroad class of substances that are 
insoluable in water. But soluble in solvents such as ether, chloroform, hexan, 
acetone and certain alcohols. It is an important energy component in the diet 
of ruminant and over the last 25 years, fats and oils supplementations 
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developed to a point where it is now standard practice to increase the energy 
desity of the diet. 
1.2.2.1 The major lipid constituents in ruminants nutrition 
1.2.2.1.1 Triglycerides 
 Major lipid found in cereal grains, soil seeds, animal fats and 
byproduct feeds. The basic unit of triglycerides is a molecule of glycerol (a 
three-carbon alcohol) combined with three fatty acid molecules. Chemically, 
unsaturated fatty acids contain one or more double bonds linking the carbon 
atoms of their chain. In the rumen triglycerides are mostly broken down to 
release the fatty acids and glycerol, unless the triglyceride is extremely 
saturated (e.g a highly hydrogenated tallow, grease or vegetable oil) (Michel, 
2004). 
1.2.2.1.2 Glycolipids 
 It is the major lipid type found in forages. It is similar to triglycerides 
except they have two or more sugars linked to one position of the glycerol 
backbone instead of the third fatty acid. The most common are galactolipids, 
which have galactose linked to the glycerol. In the rumen, glycolipids are 
fairly completely broken down (Michel, 2004). 
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1.2.2.1.3 Phospholipids 
 Minor component of most feeds from the membrane of animal cells, 
important in fat digestion in the small intestine of ruminants. In the rumen, 
the protozoa and bacteria also make their own phospholipids for their cell 
membranes. Usually, therefore, the amount of phospholipids leaving the 
rumen is more than the amount consumed by the animal in the diet. (Michel, 
2004). 
1.2.2.1.4 Free fatty acids 
 Minor component of the feed but major component of certain fat 
supplements. Major form of transport of fatty acids in the animals blood 
(same as non esterified fatty acid or NEFA). Free fatty acids (FFA) are not 
attached to a glycerol molecule. The most abundant FA in forage is linolenic 
acid, in cereal and oilseeds linoleic is the most abundant, oleic acid is most 
abundant in animals fats. In ruminant milk and body fat, stearic acid is also 
fairly abundant because it results from bacterial modification of dietary 
unsaturated fatty acids in the rumen. Most natural lipids in feedstuffs are not 
FFAs. In ruminant nutrition nearly all long chain FA found as part forage, 
derived from glycolipids or the triglycerides in cereals or oilseed will 
ultimately be converted to FFAs before thy can be absorbed. In addition, fats 
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supplemented to the diet as triglycerides, calcium soaps or salts of fatty acid, 
and free saturated fatty acids all will be absorbed as FFAs (James, 2004). 
1.2.3 Processes in the rumen 
 An extensive metabolism of lipid occurs in the rumen and this has a 
major impact on the profile of fatty acid available for absorption and tissue 
utilization. The two major processes that occurs in the rumen are hydrolysis 
of ester linkages in lipids and biohydrogenation of the unsaturated fatty acids 
(Bauman, 2003). 
1.2.3.1 Hydrolysis 
 Ruminant animals consume a diet that predominantly contains 
polyunsaturated fatty acids (PUFA) as part of plant triglycerides and 
glycolipids. Bacteria in the rumen split off the FA (and sugar) from the 
glycerol backbone (Bauman,, 2003).The resulting FFAs which are generally 
C18 unsaturated acids are acted upon by microbial enzymes which convert 
them ultimately into stearic acid (Dawson and Kemp, 1970). The glycerol 
and the sugars released from glycolipids are fermented to VFAs and together 
with VFA from fermentation of cellulose and other substances constitute the 
major energy source for the ruminant animals (Annison and Armstrong, 
1970). The breakdown of dietary lipids by rumen bacteria generally occurs 
quite rapidly as the lipids are exposed during rumination and bacterial 
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digestion of feed particles. In addition the process generally is essentially 
complete so that no monoglycerides pass to the lower digestive tract. The 
major exception of this would be when a highly saturated (or hydrogenated) 
triglycerides is fed. Because of the very high melting point of such fat and 
their resulting low solubility, bacterial enzymes cannot gain access to the 
bonds linking FA to glycerol, and these would pass to the lower digestive 
tract (James, 2004). The FA released in the rumen are not absorbed from the 
rumen but rather will pass to abomsum and then the small intestine, which is 
the primary site for absorption of FAs. Although the extent of hydrolysis is 
generally high (>85%), a number of factors that affect the rate and extent of 
hydrolysis have been identified. For example, the extent of hydrolysis is 
reduced as the dietary level of fat is increased or when factors such as low 
rumen pH and ionophores inhibit the activity and growth of bacteria 
(Bauman, 2003). 
1.2.3.2 Biohydrogenation 
 Biohydrogenation of unsaturated fatty acids is the second major 
transformation that lipids can undergo in the rumen. It requires a FFA to 
proceed and as a consequence rates are always less than those of hydrolysis. 
All unsaturated FAs in naturally occurring plant lipids have only cis-double 
bonds. Trans-double bonds result from microbial modification of cis-
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unsaturated double bonds, they are converted to single bonds, resulting in 
conversion of unsaturated to saturated FAs, therefore, the initial step in 
rumen biohydrogenation typically involves an isomerization of the cis-12 
double bond to trans-11 configuration. Resulting in conjugated di-or trienoic 
fatty acid (Figure 2). Next is a reduction of the cis-9 double bond resulting in 
trans-11 FA. The final step is a further hydrogenation of the trans-11 double 
bond producing stearic acid (linoleic acid and linolenic acid pathway), 
(Bauman, 2003). 
During the biohydrogenation process, two key intermediates are trans 
11 C18:1 (vaccinic acid) and cis, trans-11 conjugated linoleic acid (CLA) 
are formed in the biohydrogenation of linoleic acid. These intermediates are 
present in appreciable quantities in ruminant fat, and they received much 
attention from the medical community because of their potent anticancer 
effects and other health benefits. The reasons why rumen microganisms 
hydrogenate unsaturated fatty acids, that is because unsaturated fatty acids 
are toxic to many of the species of the rumen bacteria. Particularly those that 
are involved in fiber digestion. Also because of the anaerobic environment 
of the rumen, there is an excess of hydrogen that the microbial population is 
continually interested in getting rid of. (James., 2004) 
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Figure 2: Biochemical pathway of the biohydrogenation of linoleic acid 
         in the rumen.  
 
Cis – 9, cis-12 C18:2 
Linoleic acid 
 
Cis – 9, trans-11 C18:2 
 
Trans-11 C18:1 
Vaccenic acid 
 
C 18 : 0 
Stearic acid 
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        The unique structure and metabolism of Poly unsaturated fatty acids 
result in their incorporation into cell membranes of tissues all over the body, 
including immune cells and the reproductive tract. They also can released 
and converted into important signaling molecules such as prostaglandins and 
leukotrienes. (James, 2004). 
1.2.3.3 Lipids from microorganisms 
 These rumen microorganisms (protozoa and bacteria) influence the 
nutrition of the animal in two ways:  
(a) by degradation and modification of dietary nutrients. 
(b) they provide the animal with carbohydrates, lipids, proteins, and 
vitamins. The amount of lipid provided by the microorganisms is 10-20% of 
the total lipid in the rumen. Three quarter of it is protozoal in origin and the 
remaining quarter is bacterial lipid (Hougenrad and Hird, 1970). The 
microbial lipids are composed mainly of phospholipids (70%), linoliec and 
branched chain fatty acids are the main fatty acids present in these 
phospholipids. 
 In sheep fed on hay and concentrates, 16 grams of lipids were 
provided by microbial organisms (Sutton, et al., 1970). 
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1.2.4 Processes in the small intestine 
 The lipids that leave the rumen are predominantly FFAs (85-90%) and 
phospholipids (10-15%) found as part of microbial cell membranes. In the 
rumen, most of the FFAs are actually found as potassium, sodium, or 
calcium salts of fatty acids because of the near neutral pH in the rumen 
contents (6.0-6.8). 
 After passing through the acid conditions (pH-2.0) of the abomasum, 
however, the fatty acid salts are dissociated and the FFAs will be 
predominantly saturated (80-90%), with about two-thirds stearic acid and 
about one-third palmitic acid. The key to absorption of fatty acids in both 
ruminants and non-ruminants is formation in the intestine of complexes 
called micells, which are bilayer disks consisting of bile salts (secreted in 
bile from the liver into intestine by way of the gall bladder), phospholipids, 
and the insoluble lipids in the middle. Micells are needed to move the fatty 
acids to the surface of intestinal cells where they can be absorbed into the 
cells. In ruminants, a compound called lysolecithin is needed for fat 
absorption. Lysolecithin is produced from lecithin (phosphatidylcholine, the 
main phospholipids in rumen microbial cells, pancreatic juice and bile) by 
action of an enzyme called phospholipase that is secreted from the pancreas 
into the upper small intenstine. Phospholipase converts lecithin into 
 
25 
lysolecithin, which is an extremely efficient emulsifier particularly for 
saturated FFAs (James, 2004). 
1.2.4.1 Intestinal processing and delivery of diet 
 After absorption of FFAs into intestinal cells, the FFAs are 
reconverted to triglycerides by combining with glycerol produced from 
metabolism of blood glucose, the triglycerides are packaged into lipoprotein 
particles (Chylomicrons, or very low density lipoproteins, VLDL) in 
combination with cholesterol, phospholipids and specific proteins. These 
proteins (called apoproteins) serve to direct the trafficking and use of the 
lipoprotein triglycerides. Because these lipoproteins are too large to pass 
directly into the venous blood stream draining the intestinal cells, they are 
secreted into the lymph, which is delivered back into the blood stream near 
the heart. After the blood is oxygenated through the lung, then, the 
lipoprotein particles are delivered to various organs of the body such as the 
mammary gland, muscle, and heart that can use the triglycerides. 
Triglycerides in chylomicrons or VLDL are broken down to FFAs by an 
enzyme called lipoprotein lipase that is found in the capillaries of these 
tissues. The free fatty acids then enter the cells where they can be formed 
back into triglycerides or burned to release energy that can fuel cell 
functions (James, 2004). 
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1.2.5 Blood Plasma Lipids 
 Lipids in blood plasma may arise from intestinal absorption of 
ingested lipids, mobilization of lipids from storage in adipose tissue, or 
synthetic processes. Most plasma lipids are present as chylomycron and 
other higher density lipoproteins. In addition, non-esterified free fatty 
acids(NEFA) are transported as a complex of fatty acid and albumin. The 
composition of different classes of lipoproteins vary among different 
animals species. Large differences in plasma lipid components exist among 
species and among individuals within the species. (Dukes., 1993). 
1.2.5.1 Total cholesterol 
 Cholesterol is a steroid that is synthesized in many tissues from 
acetyl-CoA via a complex pathway. It is an extremely important biological 
molecule that has roles in membrane structure as well as being a precursor 
for the synthesis of steroid hormones and bile acids (Cham and Harvey, 
1994). Both dietary cholesterol and that synthesized denovo are transported 
through the circulation in lipoprotein particles, the same is true for 
cholesterol esters, the form of which cholesterol is stored in cells. 
 Dietary cholesterol elevates serum cholesterol and LDL-c levels, but 
the extent of increase is highly variable (Guscuolo, 1994). Many scientists 
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believe that elevated serum cholesterol level play a central role in the genisis 
of atheroscelorsis and coronary heart disease (Ganong, 1997). 
1.2.5.2 Low Density Lipoprotiens (LDL-c) 
 The LDL molecules are cholesterol rich lipoprotein molecules. About 
75% of the plasma cholesterol is incorporated into the LDL particles. LDL 
transports cholesterol from liver to the peripheral tissues. Its concentration in 
blood has positive correlation with incidence of cardiovascular diseases 
(vasudevan and Sreekumaris, 2004). 
1.2.5.3 High Density Lipoprotein (HDL) 
 HDL is the main transport form of cholesterol from peripheral tissues 
to liver, which is later excreted through bile. The level of HDL in serum is 
inversely related to the incidence of myocardial infraction. As it is "anti-
atherogenic" or "protective in nature" HDL variety is known as "good 
cholesterol" or "highly desirable lipoprotein" in common parlance 
(Vasudevan and Sreekumaris, 2004). 
1.2.5.4 Triglycerides 
 Triglycerides are the main storage form of fatty acids. They 
represented the most important class of dietary fats which constitute more 
than 90% of the dietary lipids, these compounds also supply the body with 
essential fatty acids required for the provision of energy (Murray et al., 
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1999). Other studies showed that having a high level of triglycerides 
increase the chance of heart attack (John, 1995) indeed many people with a 
high level of plasma triglycerides were found to have low level of HDL 
(Kelley, 2002). 
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     Chapter two 
Materials and methods 
2.1 Experimental site and duration 
 This experiment was carried out at the Department of Biochemistry, 
Faculty of Veterinary Medicine, University of Khartoum during summer 
from April to May 2007. 
2.2 Experimental animals 
 Twelve male crossbreed sheep, (Hamary and desert sheep) 3 – 6 
month of age from University Farm and Abu Zeid market were used in this 
study. The animals were individually housed in 1 x 1.5 m separate cages at 
the same environmental conditions. The cage sides were of a wire mesh set 
over a meter brick side wall. Before the insertion of the animals, they got a 
bath with cypermethrin as antitickes and antimanges in a dilution of 1 ml per 
litre of water (produced by Veterinary and Agricultural products Mfg. Co. 
Ltd, Jordan), and the cages were cleaned manually,  disinfected with 
cypermethrin in dilution of 2 ml per litre of water. After that the animals 
were treated by ivermectin as antiparasitic (intermectin 1%, Holland) at a 
dose of 0.5 ml s/c, oxytetracyclin as antibacterial (Rasomycin-5, star 
laboratories (PVT) Ltd, Pakistan) at a dose rate of 1 ml per 10 kg 1/M for 3 
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days and multivitamins (ULTRAVIT M, AVICO, Jordan) at gram per litre 
of drinking water for 5 days. Then the animals were divided into two groups 
on the basis of their weights with ±113 kg for each group. 
2.3 Feeding programme   
 Each cage was supplied with fattening ration prepared as pellets 
(Product of Kenana Sugar Company Ltd) at the rate of one kilogram per day. 
Barseem and water were supplied ad libitum throughout the day.  
 The components of Kenana ration are: sorghum, molasses, wheat 
bran, groundnut cake, bagasse, calcium salts, urea and sodium chloride. The 
proximate analysis of the ration is presented in Table (3). 
Table (3): The proximate analysis of cattle feed pellets. 
Ingredient Percent 
Dry matter  87.6*.1 
Crude protein 17.5 
Crude fiber 11.9 
Crude fat 2.3 
Ash 11.2 
Metabolizable 
energy 
10.5*.2 
According to Kenana Sugar Company Ltd, 2007, Sudan, Khartoum 
*.1 On dry matter basis 
*.2 Metabolizable energy per megajoul per kg dry mater MJ/KgDM 
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 Nigella sativa seed oil was obtained from commercial source in the 
local market. Before production of the oil, the viability of seeds was 
confirmed by germination test according to Ista, (1976).  
 
 The sheep were fed the commercial ration for two weeks as an 
adaptation period and then they were subjected to a feeding programme for 6 
weeks as follows:  
 
Group B: Received Kenana feed as control group. 
Group A: Received Kenana feed mixed with 4.7% (47 gram) of Nigella 
sativa oil seeds as treated group. 
 
 The percentage of Nigella sativa oil is determined by the difference 
between the highest level of fats in ruminants diet (7%) according to 
Bauman, (2003) and the crude fat percentage in Kenana feed (2.3%). 
  
7% - 2.3% = 4.7% 
4.7 
100 X 1000 gram (0ne kilogram) = 47 gram of black cumin oil 
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2.4 Blood samples collection: 
The first blood samples were collected as zero levels before the 
application of black cumin oil, and then the other blood samples were taken 
every two weeks for the rest of the experimental period.   
 Fasting blood samples were taken in the morning before feeding as    
(5 ml of blood) from the jugular vein of each sheep into clean glass tubes. 
The blood was allowed to clot at 4oC for overnight, then centrifuged at 4000 
rpm for 5 minutes, clear serum was then separated and stored at -20oC till 
used for biochemical analysis. 
2.5 Biochemical measurements 
2.5.1 Seed germination testing 
 This was performed according to Ista, (1976) (International seed 
testing agency). The seeds were tested for germination rate and purity. The 
germination rate must be at least 85% in order for the seed to be certified by 
the agency. 
Procedure 
1. Hundred seeds selected randomly and distributed into 4 Petri- dishes 
(25 seeds in each), containing filter papers moisten with distilled 
water.    
2. The dishes were incubated at 20oC for 7 days.  
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3. On the 4th day, the normal seedling that developed were counted. 
4. At the end of the 7th  day, the final count was done as follows: normal 
seedling, abnormal seedling and dead seedling. 
5. All the four sets of germinated seeds should have a germination rate 
of at least 85%. 
6. A germination rate of 85% is 85 normal seedlings for all sets of 100 
seeds.  
2.5.2 Determination of serum total cholesterol  
 Total cholesterol was determined by enzymatic spectrophotometric 
test according to the method described by Friedman and Young, (1997). 
Principle of the method 
 Free and esterified cholesterol in the sample originated by means of 
the coupled reactions described below, a coloured complex measured by 
spectrophtometry. 
Cholesterol ester +H2O Cho. esterase cholesterol + fatty acid  
Cholesterol + ½)2 + H2O Cho. Oxidase cholestenone + H2O2 
2H2O2 + 4-amino antipyrine + phenol peroxidae Qunoneimine + 4H2O 
Contents and composition 
A.  Reagent. Pipes 35 mmol/L, sodium cholate 0.5 mmol/L, phenol 28 
mmol/L, cholesterol esterase >0.2 µ/m, cholesterol oxidase > 0./µ/ml, 
peroxidase >0.8 µ/ml, 4-amino antipyrine 0.5 mmoll/L- pH 7.0. 
B.  Cholesterol standard 200 mg/dl (5,18 mmol/L). 
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Procedure 
Three tubes were labelled as blank, standard and sample 
 Blank Standard Sample 
Cholesterol standard (S) - 10 µl - 
Sample - - 10 µl 
Reagent (A) 1.0 ml 1.0 ml 1.0 ml 
 
The tubes were mixed and incubated for 120 min. at (16 – 25oC) or for 5 
min. at 37oC. Then the absorbance (A) of the standard and sample was red 
using spectro photometer against a reagent blank at  500 nm.  
Calculations 
 Cholesterol concentration in the is calculated using the following 
general formula: 
A sample Cholestrol(mg/dl) = A standard × Concentration of  standard  
 
2.5.3 Determination of LDL cholesterol: 
 This was determined by a precipitating reagent as described by the 
method of Young (1995); Tietz, (1999) and Friedman and Young, (1997). 
Principle of the method 
 Low density lipoproteins, (LDL) in the sample is precipitated with 
polyvinyl sulphate. Their concentration is calculated from the difference 
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between the serum total cholesterol and the cholesterol in the supernatant 
after centrifugation. The cholesterol was spectrophotometrically measured 
by means of the coupled reactions described below: 
Cholesterol ester + H2O   chol.esterase   cholesterol + fatty acid 
cholesterol + ½O2 + H2O chol. oxidase Cholestenone + H2O2  
2H2O2 + 4-amino antipyrine + phenol  peroxidase quinoneimine + 4H2O 
Contents and composition 
A.  Reagent: 20 ml polyvinyl sulphate 3 g/L, polyethydenglycol 3 g/l 
cholesterol reagent. 
S. Cholesterol standard  
Procedure 
Precipitations 
1. Mixed and incubated for 15 min. at (16 – 25oC) 
Sample 0.4 ml 
Reagent (A) cholesterol HDL 0.2 ml 
 
2. Mixed and incubated for 15 min. at (16 – 25oC). 
3. Centrifuged at 4000 rpm for 10 min. 
4. Carefully the supernatant was collected colorimetry 
5. Pipette into labeled test tubes. 
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 Blank Standard Sample 
Distilled water 20 µl - - 
Cholesterol standard (S) - 20 µl - 
Sample supernatant - - 20 µl 
Reagent (A) cholesterol kit  1.0 ml 1.0 ml 1.0 ml 
 
6. Mixed and incubated for 30 min. at (16 – 25oC) 
7. The absorbance (A) of the standard and sample was measured at 500 
nm against the blank. 
Calculations 
 The cholesterol concentration in the supernatant was calculated using 
the following general formula: 
A Sample LDL Cholesterol(mg/dl)= A standard 
× Concentration of standard × sample dilution factor 
 
 The LDL cholesterol concentration in the sample was calculated as 
follows: 
LDL cholesterol mg/dl = Total cholesterol – cholesterol in supernatant 
2.5.4 Determination of HDL cholesterol 
 This was determined by precipitating reagent by the method described 
by Tietz, (1991) and Friedman and Young, (1997). 
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Principle of the method 
 Very low density lipoproteins (VLDL) and LDL lipoproteins in the 
sample are precipitated with phosphotungstate and magnesium ions. The 
supernatant contain as high density lipoproteins (HDL). The HDL 
cholesterol is then sepctropotometrically measured by means of the coupled 
reactions described below: 
Cholesterol ester + H2O   chol.esterase   cholesterol + fatty acid 
cholesterol + ½O2 + H2O chol. oxidase Cholestenone + H2O2  
2H2O2 + 4-amino antipyrine + phenol  peroxidase quinoneimine + 4H2O 
Contents and composition 
A.  reagent: 50 ml phosphotungstate 0.4 mmol/L, magnesium chloride 20 
mml/L. 
S.  HDL cholesterol standard: cholesterol 15 mg/dl. 
Additional reagent: cholesterol reagent. 
Procedure 
Precipitation 
1. Pipetted into labeled centrifuge tubes: 
Sample 0.2 ml 
Reagent (A) cholesterol HDL 0.5 ml 
 
2. Mixed and incubated for 10 min. at (16 – 25oC). 
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3. Centrifuged at 4000 rpm for 10 min. 
4. The supernatant carefully collected 
Colorimetry 
Pipette into labeled test tube: 
 Blank Standard Sample 
Distilled water 100 µl - - 
HDL cholesterol standard - 100 µl - 
Sample supernatant - - 100 µl 
Reagent (A) cholesterol kit 1.0 ml 1.0 ml 1.0 ml 
 
Calculations 
 The HDL cholesterol concentration in the sample is calculated using 
the following general formula: 
 A Sample HDL Cholesterol (mg/dl)  =  A standard × Concentration of standard × sample dilution factor  
 
2.5.5 Determination of serum triacylglycerols (T.G.) 
 Triacylglycerols were determined by enzymatic spectrophotometric  
test according to the method described by Young, (1995) and Friedman and 
Young, (1997). 
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Principle of the method 
 Triglycerides in the sample originated, by means of the coupled 
reactions described below, a coloured complex that measured by 
spectrophotometry. 
Triglycerides + H2O   Lipase   glycerol + fatty acids 
Glycerol + ATP  glycerol kinase   glycerol -3-p + ADP 
2H2O2 + 4-amino antipyrine + 4-chloropheno  peroxidase quinoneimine + 
4H2O 
Contents and composition 
A.  Reagent: pipes 45 mmol/L, magnesium chloride 5 mmo/L, 4-
cholorophenol 6 mmol/L, lipase >100 µ/L, glycerol kinase >1.5 /mL, 
glyerol-3-phosphate oxidase >4 µ/m, peroxidase >0.8 µ/mL, 4-amino-
anti pyrine 0.75 mmol/L, ATP 0.9 mmol/L, pH 7.0. 
S.  Triglycerides standard: glycerol equivalent to 200 mg/dl (2 - 26 
mmol/L) triolein. 
 Procedure 
 Blank Standard Sample 
Triglycerides standard (S) - 10 µl - 
Sample - - 10 µl 
Reagent (A) 1.0 ml 1.0 ml 1.0 ml 
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 Mix and incubate for 15 min. at (16 – 25oC) or for 5 min. at 37oC. 
 Measure the absorbance (A) of the standard and sample at 500 nm 
against the blank. 
Calculations 
 The triglycerides concentration in the sample was calculated using the 
following general formula: 
A sample Triyglycerides(mg/dl) = A standard × Concentration of  standard  
 
2.5.6 Statistical Analysis 
1- A statistical software known as SPSS has been used to get the means 
and standard errors by utilizing the one sample t-test. 
2- The experimental design analysis and the mean separation were 
obtained using another computer package named SAS, (1982), 
software utilizing completely randomized design analysis and 
duncan's multible range list for mean separation. 
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Chapter Three 
Results 
3.1 Serum Total cholesterol  
The effect of feeding the commercial oil of Nigella sativa seed on 
serum cholesterol concentration is represented in Table (4). At time zero 
there was no significant difference between the two groups , though group B 
showed apparently higher value compared to group A. After feeding 
N.sativa oil to the treated group(A), also no significant differences were 
observed between the two groups until the end of the experiment. At week 2, 
group A showed a significant (P<0.05) elevation in the cholesterol level 
compared to time zero , while group B showed slightly lower value in the 
cholesterol level compared to the level of time zero. A nonsignificant 
reduction was also observed at week 4 in group B compared to week 2 while 
in group A the reduction was significant (P<0.05) compared to week2. At 
the end of week 6, group A showed a significantly (P<0.05) higher total 
cholesterol level compared to time zero، and group B showed a non 
significantly lower value compared to time zero. There was no significant 
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difference between the total means , but the treated group showed slightly 
higher total mean compared to the control group. 
Table(4): The effect of feeding commercial oil of N.sativa on serum total 
cholesterol (mg/dl) in sheep. Means + SE. (N = 6)  
 
Group Time zero Week 2 Week 4 Week 6 Total mean
 
A 
Ca 
61.81 
(5.01) 
Aa 
99.99 
(5.26) 
Ca 
77.68 
(10.19) 
Aa 
93.9 
(3.64) 
a 
83.35 
(8.58) 
 
B 
Aa 
90.8 
(12.48) 
Aa 
82.29 
(11.48) 
Aa 
65.39 
(8.65) 
Aa 
87.69 
(6.36) 
a 
81.54 
(9.74) 
 
Means in the same row having different capital letters , are significantly 
different at (P < 0.05). 
Means in the same column followed by different small letters are significant 
different at (P < 0.05) 
n = number of replicates. 
A = treated group fed N.sativa . 
B = control group. 
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3.2 Serum low density lipoprotein cholesterol (LDL-c).  
The effect of feeding N.sativa on serum LDL-c is represented in Table 
(5). There was no significant difference between two groups at time zero, 
though group B showed higher value compared to the group A. At week 2, 
group A showed a significantly (P<0.05) higher value compared to time 
zero, while group B showed a non significant decrease value . At week 4 the 
serum LDL-c level in group A was non significantly decrease to near the 
level of time zero , while group B showed a significantly (P<0.05) lower 
levels it week 4 and week 6 compared to the level of time zero. At the end of 
experiment , group A showed a non significantly higher LDL-c level 
compared to time zero , but significantly (P<0.05) higher value compared to 
group B. No significant difference between the total means, but the treated 
group showed higher total mean compared to the control group. 
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Table (5) : The effect of feeding commercial oil of N. sativa on serum 
LDL cholesterol  (mg/dl) in sheep. Means + SE. (N = 6) 
 
Group Time zero Week 2 Week 4 Week 6 Total mean
 
A 
Ba 
43.61 
(5.58) 
Aa 
69.13 
(6. 43) 
Ba 
45.82 
(7.06) 
Ba 
54.72 
(4.21) 
a 
53. 32 
(5.79) 
 
B 
Aa 
72.87 
(12.08) 
Aa 
54.66 
(10.45) 
Ba 
40.4 
(7.91) 
Bb 
33.79 
(7.98) 
a 
50.43 
(8.66) 
 
Means in the same row having different capital letters , are significantly 
different at (P < 0.05). 
Means in the same column followed by different small letters are significant 
different at (P < 0.05). 
n = number of replicates. 
A = treated group fed N.sativa . 
B = control group. 
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3.3 Serum high density lipoprotein-cholesterol (HDL-c) 
The result of feeding N.sativa seeds oil on serum HDL-c is 
represented in Table (6). At time zero there was no significant difference 
between the treated group and the control group, but the control group 
showed slightly higher value compared to the treated group. Then the two 
groups showed nearly the same gradual increase in the HDL-c level until the 
end of the experiment. In group A there were significant (P<0.05) 
differences in the rest of weeks when compared to time zero، but it week 2 
group A showed a significant (P<0.05) increase compared to group B. Group 
B showed significant (P<0.05) differences it week4 and 6 compared to time 
zero. The total mean values showed no significant difference, but the total 
mean in group A was very slightly higher compared to group B. 
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Table (6): The effect of feeding commercial oil of N. sativa on serum 
HDL cholesterol  (mg/dl) in sheep. Means + SE (N = 6)   
 
Group Time zero Week 2 Week 4 Week 6 Total mean
 
A 
Ba 
14.76 
(1.56) 
Aa 
27.61 
(1.32) 
Aa 
27.9 
(1.70) 
Aa 
30.08 
(2.05) 
a 
25.10 
(3.49) 
 
B 
Aa 
18.17 
(0.76) 
Aa 
22.31 
(1.70) 
Ba 
25.25 
(1.05) 
Ba 
31.145 
(2.65) 
a 
24.22 
(2.73) 
 
Means in the same row having different capital letters , are significantly 
different at (P < 0.05). 
Means in the same column followed by different small letters are significant 
different at (P < 0.05). 
n = number of replicates. 
A = treated group fed N.sativa . 
B = control group. 
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3.4 Serum Triglycerides  
The result of feeding black cumin seeds oil on serum triglycerides level is 
represented in Table (7). At time zero there was no significant difference 
between the two groups, but group B showed apparently higher value in TG 
level compared to group A. 
After feeding N.sativa oil for two weeks to group A, no significant 
difference was observed compared to time zero، while group B showed a 
significant decrease in T.G level. At week 4 , there was a non significant 
increase in the two groups , but at week 6 the T.G level in group A was 
significantly (P<0.05) higher compared to time zero, while in group B the 
T.G level increased to the same first level but this was not significantly. 
There was no significant difference between the total means، but group A 
showed slightly higher total mean compared to group B. 
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Table (7) : The effect of feeding commercial oil of N. sativa on serum 
Triglycerides (mg/dl) in sheep. Means + SE (N =7) 
   
Group Time zero Week 2 Week 4 Week 6 Total mean
 
A 
Ba 
14.005 
(1.85) 
Ba 
12.34 
(4.59) 
Ba 
22.73 
(3.33) 
Aa 
41.58 
(14.66) 
a 
22. 67 
(6.70) 
 
B 
Aa 
27.48 
(6.97) 
Ba 
9.37 
(1.54) 
Aa 
16.76 
(2.33) 
Aa 
27.04 
(2.89) 
a 
20.16 
(4. 37) 
 
Means in the same row having different capital letters , are significantly 
different at (P < 0.05). 
Means in the same column followed by different small letters are significant 
different at (P < 0.05). 
n = number of replicates. 
A = treated group fed N.sativa . 
B = control group. 
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3.5 Body weights 
The effect of feeding black cumin seed oil on the body weights is 
represented in Table (8). There was no significant difference between the 
two groups before and after the feeding of cumin seeds oil. This was also 
seen in the control group، but the treated group showed a significantly 
(P<0.05) higher weights at the end of  the experiment compared to time zero. 
The total means showed nearly the same value، but was not significantly. 
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Table (8) : The effect of feeding commercial oil of N. sativa on body 
weights (kg) of sheep. Means + SE (N = 6)   
 
Group Time zero Week 6 Total mean 
 
A 
Ba 
19.0 
(1.77) 
Aa 
24.75 
(0.89) 
a 
21.88 
(2.88) 
 
B 
Aa 
18.83 
(2.06) 
Aa 
23.67 
(1.83) 
a 
21.25 
(2.42) 
 
Means in the same row having different capital letters , are significantly 
different at (P < 0.05). 
Means in the same column followed by different small letters are significant 
different at (P < 0.05). 
n = number of replicates. 
A = treated group fed N.sativa . 
B = control group. 
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Chapter four 
Discussion 
4.1 serum total cholesterol 
Cholesterol is an amphipathic lipid present in tissues and plasma. 
Cholesterol levels play a central role in the genesis of atherosclerosis and 
coronary heart disease (Sim et al., 1980, Murray etal., 2000). Previous 
findings showed that N. sativa has promising effect resembling to those 
drugs that reduce serum cholesterol and decrease its atherogenic 
pathological effect (Bamosa et al., 1997, Badary et al., 1999, Omer, 2001, 
Elbagir, 2006). In the current study the level of serum cholesterol showed 
fluctuating manner. Group A showed significant (P<0.05) increase compared 
to time zero after two weeks, and then significantly (P<0.05) reduced it week 
4 and significant (P<0.05) increased at week 6. Control group B showed 
slight decline it week 2 and week 4, then slight increase at week 6. This 
finding agree with Mustafa, (2002) who reported that, feeding 2.5% N. 
sativa with 15g egg yolk (as a source of cholesterol) to rabbits showed no 
significant effect on serum total cholesterol and LDL-C. But it incontrast to 
Zaoui etal; (2002) who investigated the effect of fixed oil of N. sativa seeds 
in rats, on serum cholesterol, triglycerides, glucose, and the body weight and 
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reported that serum cholesterol decreased significantly in rats. Ali and 
Blunden, (2003), reported the same result. Also Badary et al., (1991) 
suggested that, N. sativa seeds oil might improve hyperlipidemic 
nephropathy in rats. From this study, one can conclude that, feeding 4.7% of 
N. sativa seed oil to sheep, result in a significant (P<0.05) elevation in the 
serum cholesterol level compared to time zero, and nonsignificant elevation 
compared to control group in contrast to findings in monogastric animals. 
4.2 Serum LDL-c cholesterol  
LDL-c is one of the four major groups of lipoproteins which are 
important physiologically and in clinical diagnosis. The LDL-c transports 
cholesterol from liver to the peripheral tissues, it is called (Bad cholesterol) 
and its concentration in blood has positive correlation with incidence of 
cardiovascular diseases (Vasude-van and sreekumaris, 2004). In this study 
the levels of LDL–c followed the same fluctuating manner of the serum total 
cholesterol levels in the treated group, which lead to a significant (P<0.05) 
difference at week 2 from time zero, and at week 6 from the control group. 
While in the control group B there were a significant decrease at week 4 and 
week 6. this result showed that, the elevation of serum LDL cholesterol 
concentration has a positive correlation with the elevation of serum total 
cholesterol concentration this suggest that, the increase of serum total 
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cholesterol, is due to increase of  the serum LDL cholesterol fraction. LDL-
C levels decreased gradually in the control group and reached significantly 
(P<0.05) lower levels at week 4 and 6 compared to time zero. This finding 
showed that feeding N. sativa oil influenced the lowering effect of the ration 
to the LDL-C in the control group. This result does not agree with Mustafa, 
(2002) who reported that there was no significant effect on serum LDL-C 
when 2.5% of N. sativa and 15g boiled egg yolk were fed to rabbits. And it 
is in contrast to the finding reported by Eldakhakhny etal, (2000) who found 
that, the administration of seeds oil to rats orally, caused significant lowering 
in serum LDL cholesterol.  
4.3 Serum HDL-c cholesterol 
HDL-c is the main transport form of cholesterol from peripheral tissue 
to liver which is later excreted through bile. The level of HDL in serum is 
inversely related to the incidence of myocardial infarction. As it is (anti 
atherogenic), HDL-c is known as (good cholesterol), (Vasudevan and 
Seerkumaris, 2004). 
In the present work, the effect of N. sativa oil caused a significant 
increase in HDL-c cholesterol from time zero until the end of experiment in 
group A, and there was a significant (P<0.05) difference between the two 
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groups at week 2. In the last week group  A and B showed similar levels of 
HDL cholesterol. Diets containing monounsaturated fatty acids (like olive 
oil) have been known to increase serum HDL-c and decrease LDL-c levels 
(Sundram, 1992) this effect was observed by many authors previously, in 
monogastric experimental animals fed N. sativa. Eldakhakhny, (2000)  cited 
that oral administration of seeds oil to rats orally resulted in significant 
elevation in serum HDL cholesterol. (Ali and Blunden, 2003) cited the same 
result. In the present work N. sativa oil, when fed to sheep, increased 
significantly (P<0.05) both the LDL-c and the HDL-c this could be due to 
the biohydogenation of the unsaturated fatty acids in the rumen together with 
a possible effect of the rumenal atmosphere to the thymoquinone, the active 
ingredient of the Nigella sativa. 
4.4 serum triglycerides (TG) 
Triglycerides are the major form of lipid in the animal body, and has a 
role in lipid transport and storage body fat, and in many diseases such as 
obesity and diabetes mellitus, but it is lesser correlated to coronary heart 
disease than cholesterol (Murray, et al., 2000). In the present study, feeding 
of N. sativa oil resulted in obvious increase in serum TG level in the treated 
group, which was significantly (P<0.05) higher compared to time zero at the 
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end of experiment,. While in control group there were a significant decrease 
at week 2, then increase again to near the first level of TG. Mustafa, (2002), 
who reported that there was no significant effect on serum T.G. when 2.5% 
of N. sativa and 15g boiled egg yolk were fed to rabbits. And Monjid, 
(2006), reported that the addition of black cumin seeds with o.25 and o.75% 
resulted in significant decrease in the concentration of triglycerols. Also, 
Hamed, (2003) cited that feeding 1 and 3 % of black cumin seeds to laying 
hens resulted in significant reduction in serum triglycerols. Eldakhakhny 
etal, (2000) reported that the oral administration of seeds oil to rats caused 
significant reduction in serum TG. From this result, it is clear that the dietary 
N. sativa oil does not reduce serum TG level in sheep as in monogasrtic 
animals, but has an effect of increasing it significantly. Ramadan and 
Morsel, (2002) fractionate the neutral lipid (NL) classes of black cumin seed 
oil, TG were the major NL class (80.8 – 83.1) of the total NLs. This could be 
the reason of this elevation of serum T.G level in sheep, which passed as 
saturated lipids from the rumen to the lower intestine. 
4.5 Body weight  
There was no significant difference in the body weight between the 
two groups at the beginning of the experiment, but group A the treated group 
showed significant (P<0.05) increase in body weight at the end of 
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experimental period compared to time zero. This could be explained as a 
result of the increase in all serum lipids studied  total cholesterol, TG, LDL-c 
, and HDL-c. This result disagree with Zaoui etal, (2002) who reported that 
the effect of fixed oil of N. sativa in rats resulted in a significant decrease in 
the body weight. 
In the present work it was observed that, feed in take was increased in 
the treated group, this suggest that the commercial oil of N. sativa has a 
slight appetizer effect. 
 In the present study, the effect of dietary black cumin oil, lead to 
increase the levels of serum cholesterol, LDL-c, HDL-c, triglycerides, and 
the body weights. This can be explained as that, the rumen atmosphere may 
destroyed the active constituents of black cumin oil, specially thymoquinone 
which is considered as active ingredient responsible for the pharmaceutical 
interest of the plant (Abd Allah, 1997). Also Murray et al., (2000) reported 
that, the high ratio of polyunsaturated fatty acid in the diet is a major 
lowering plasma cholesterol concentration by dietary means and hence N. 
sativa seeds contain unsaturated fatty acid it may be the cause of reduction 
of serum cholesterol concentration in monogastric animals. But in the 
ruminant animals although they consume a diet that predominantly contains 
polyunsaturated fatty acids (PUFA) as part of plant triglycerols and 
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glycolipids, bacteria in the rumin split off the FA (and sugar) from the 
glycerol backbone (Hydrolysis process), and the resulting free fatty acids are 
acted upon by microbial enzymes which convert them ultimatly into 
saturated FA (stearic acid) (Biohydrogenation Process) (Dawson and Kemp, 
1970). 
 This suggested that, supplementation of black cumin oil, to ruminants 
diet, act as additional source of PUFA which later will be converted to 
saturated FA, pass to the small intestine and absorbed. 
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Conclusion and Recommendations 
 Feeding of 4.7% of Nigella sativa oil to the diets of sheep, resulted in 
significant (P<0.05) elevation in Serum total cholesterol,LDL-C,HDL-C, 
triglycerides concentrations, and the body weights during the experimental 
period compared to time zero. These results incontrast to previous findings 
in the monogastric animals, which reported a lowering effect of N. sativa on 
the serum total cholesterol, low density lipoprotein cholesterol, triglycerides 
concentration with increase in the high density lipoprotein cholesterol levels. 
Different effects were observed for the body weights. 
Recommendations 
Future studies are recommended to:  
A: investigate about the fate of thymonquinon in the rumen. 
B: confirm and identify the presence of appetizer component in the 
commercial oil of N. sativa  
C: confirm the presence of the intermediate compounds(conjugated linoleic 
acid) (CLA) in the body fat which having potent anti-cancer effect specially 
after the elevation in the serum lipids observed after feeding black cumin oil 
to sheep in this work, since black cumin oil is known to contain their origins 
(linoleic and linoleinic acid). 
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